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Most harbors in the world suffer from
the constant accumulation of sedi-

ment washed into shipping channels from
inland sources or rearranged on the harbor
floor. This constant threat of sediment
accumulation challenges commercial viabil-
ity, especially as ever-larger oceangoing ves-
sels require deeper channels to reach dock.
As a matter of course, dredging is used to
maintain existing channels and create new
ones. The cost of dredging to remove the
sediment is high, but the example of now-
landlocked Bruges, Belgium-once a pros-
perous 14th-century port city whose city
fathers chose not to dredge-is a sobering
reminder of the consequences of ignoring
sediment accumulation.

Sediment containing potentially haz-
ardous amounts of chemical, organic, and
metal contamination was not regarded as

an environmental health concern until the
1970s, when a new awareness prompted
measures that have since severely limited
the ability to dispose of the material in the
traditional and least expensive manner-by
dumping it in the ocean. Because so much
of world trade must pass through harbors,
and because cost-effective alternatives to
ocean dumping are limited, the world's
largest trading ports such as New
York/New Jersey and Rotterdam, Nether-
lands, have been forced to address the con-
taminated sediment problem in new ways
and on a scale never before required.

In March 1997, the National Research
Council (NRC), in its document Contamin-
ated Sediments in Ports and Waterways:
Ceanup Strags and Technolgies, estimated
that in the United States, approximately
14-28 million cubic yards of contaminated

sediments-approximately 5-10% of all
sediments dredged-must be managed in
some way each year. According to the
report, the primary reasons for managing
this sediment are to identify and dean up
threats to public health and wildlife, and to
meet water and environmental quality stan-
dards. It also is vital, says the report, to ame-
liorate dredging controversies, particularly
concerning the designation of disposal sites
for contaminated dredged material.

Harbor sediment contamination is
generally in the form of chemicals that
sorb to fine-grained particles, although
organic materials and metals are also a
problem. These chemicals include trace
metals and hydrophobic organics such as
dioxins, polychlorinated biphenyls (PCBs),
and polyaromatic hydrocarbons (PAHs).
Concentration is often diffuse but can be
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concentrated in hot spots as a result of
point source discharges and spills. If it is
diffuse, then low-to-moderate amounts of
contamination tend to extend no more
than a meter into the harbor floor over a
wide area.

The contamination in each harbor
comes from a unique blend of sources.
Common sources are industrial discharges
upstream from the port. Urban populations
contribute contamination through sewage
discharge and automobile emissions.
Suburban and agricultural sources include
heavy metals, oil, pesticides, nitrogen, and
phosphorus. Atmospheric pollution from
distant sources is common. Ships in the
port can be a major source of contamina-
tion by leaking fuel and oil into the harbor
waters, and materials associated with ship
repair and maintenance, such as paints and
varnishes, also contribute to the problem.

This mix of contaminants in the sedi-
ment creates problems of unusual com-
plexity for both analysis and management.
Because most of the contaminants are
firmly bound to fine-grained particles and
are only slowly released, most risk to
human health and the ecosystem is linked
to long-term rather than transitory expo-
sure. Although the extent of such risks is
unknown, the most significant human
health risk associated with sediment conta-
mination may be consumption of contami-
nated fish and benthic creatures, such as
shellfish, that dwell on the marine floor.
Compounds such as PAHs are easily
metabolized by the enzymatic systems of
fish. Bivalve mollusks have a limited ability
to metabolize PAHs and tend to accumu-
late and retain them in higher concentra-
tions than fish. Trace metals do not
degrade in marine environments and may
be bioaccumulated by aquatic organisms
and transferred to humans when they con-
sume fish. Fish and bottom-dwelling crea-
tures can suffer disease, death, reproductive
failure, or impaired growth upon exposure
to such pollutants.

Legal Framework
Historically, ensuring navigable waters has
been the guiding motive for dredging and
sediment management. For example, the
Rivers and Harbors Act of 1899, which has
been amended many times since its incep-
tion, created the basic framework for man-
aging navigation waterways in the United
States. Many state and national statutes
and regulations affect sediment manage-
ment and disposal, with separate and
sometimes conflicting reporting and per-
mitting requirements. Federal laws include
the Resource Conservation and Recovery
Act, the Clean Water Act (CWA), the

Marine Protection, Research and
Sanctuaries Act, the Comprehensive
Environmental Response, Cleanup, and
Liability Act (also known as Superfund),
and the biennial Water Resource
Development Acts (WRDAs), which
include beneficial uses of dredged materi-
als. Sediment permitting and removal is
generally conducted by the U.S. Army
Corps of Engineers (USACE) working
with the EPA. The USACE is responsible
for maintaining and dredging federal navi-
gation channels. Private parties must apply
to dredge to allow barges and ships access
off of channels.

The International Convention on the
Prevention of Marine Pollution by
Dumping of Wastes and Other Matter
(commonly known as the London
Convention of 1972) established the most
demanding approach to controlling marine
contamination. "The London Convention
[contributing parties] continue to meet
regularly to negotiate and set standards,"
says Robert Engler, a senior scientist at the
U.S. Army Engineer Waterways Experi-
ment Station in Vicksburg, Mississippi,
who directs research on dredging and is a
U.S. representative to follow-up meetings
on the London Convention. Engler also
chairs the environmental commission of
the Brussels, Belgium-based Permanent
International Association of Navigation
Congresses (PIANC), which was estab-
lished in 1885 to promote the mainte-
nance and development of inland and
ocean navigation.

The London Convention grew out of
international concern that large portions of
near-coastal marine waters were becoming
severely degraded, and that this degrada-
tion was at least in part caused by unregu-
lated dumping of waste materials. A global
treaty came into force in 1975 and was
signed by 72 nations. Engler says that the
PIANC developed the most recent set of
London Convention guidelines for dispos-
ing of dredged material based on bioaccu-
mulation and biotoxicity tests. These
guidelines, which were adopted in 1996,
were incorporated into U.S. regulations
that did not already meet the standards,
and have eliminated contaminated sedi-
ment from ocean disposal.

Still, most sediment disposal is not a
problem. "Remember that sediment is just
soil in water and that a significant percent-
age of dredged material is reused for bene-
ficial purposes such as beach preservation
or as sand on winter streets," Engler says.
"It's a question of whether the beneficial
use can be found nearby." For the contam-
inated sediment, however, management is
a more complicated issue.

Accumulation Scale
In 1992, as part of the WRDA biennial
review, Congress directed the EPA to
inventory areas in the continental United
States where sediment may be contaminat-
ed at levels that may adversely affect aquat-
ic life and human health. Working with
the National Oceanic and Atmospheric
Administration (NOAA) and the USACE,
and using existing data, the EPA identified
watersheds of probable concern in its
January 1998 report The Incidence and
Severity of Sediment Contamination in
Surface Waters of the United States. The
resulting database includes approximately
2 million records from more than 21,000
monitoring stations located in 1,363 of the
2, 111 watersheds in the continental
United States. Ninety-six watersheds, or
7% of the total, were found to be suffi-
ciently contaminated to pose potential
risks to people who eat fish from them,
and to fish and wildlife. More than two-
thirds of these watersheds already have an
active fish consumption advisory in place.

The report found that approximately
10% of the sediment underlying U.S. sur-
face waters is sufficiently contaminated to
pose potential risks to fish and to humans
and wildlife eating those fish. Much of the
contaminated sediment was found to have
been polluted by chemicals, such as DDT,
PCBs, and mercury, that have since been
banned or restricted. However, they persist
in the sediment for years and continue to be
a concern. Chemicals from industrial and
municipal discharges and polluted runoff
from urban and agricultural areas continue
to accumulate to harmful levels. The picture
is limited because of the relative availability
of electronic data from different sites, and
because the characteristics and the degree of
certainty of the analysis do not allow adverse
effects at any one location to be determined
with absolute accuracy.

"Knowing the concentrations and
mixtures of toxic chemicals in sediment
provides no direct measure of the toxico-
logical significance of the chemicals," says
Edward Long, a senior scientist with the
NOAA in Seattle, Washington. From
1991 to 1995, the NOAA conducted a
sediment toxicity survey of 22 estuarine
areas in the United States. In the
December 1996 issue of Environmental
Science & Technology, Long and colleagues
published results from three standardized
toxicity tests for contaminated sedi-
ments-10-day amphipod survival tests
with solid-phase sediments, 5-minute
microbial bioluminescence tests with
organic solvent extracts of sediments to
determine reproductive success, and tests
of porewater extracted from sedimentary
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Beneficial Uses of
Dredged Material

* Habitat restoration/enhancement (wetland,
upland, island, and aquatic sites including use
by waterfowl and other birds)

* Beach nourishment

* Aquaculture

* Parks and recreation (commercial and non
commercial)

* Agriculture, forestry, and horticulture

* Strip mine reclamation and landfill cover for
solid waste management

* Shoreline stabilization and erosion control
(fills, artificial reefs, submerged berms, etc.)

* Construction and industrial use (including port
development, airports, urban, and residential)

* Material transfer (fill, dikes, levees, parking
lots, and roads)

Source: U.S. EPA and Department of the Army U.S. Army Corps of
Engineers. Evaluating environmental effects of dredged material
management alternatives: a technical framework. EPA 842-B-92-
008. Washington, DC: Environmental Protection Agency, 1992.
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rock using sea urchin or mollusk embryos.
Different tests often identified different
samples as toxic, but in all areas measures
of toxicity showed associations with com-
plex mixtures of aromatic hydrocarbons,
trace metals, and chlorinated organic sub-
stances, and these associations were
strongest where toxicity was most severe.

The relatively good news was that the
amphipod survival tests, which are the
most ecologically relevant, clearly indicated
that toxicity is not widespread throughout
all the estuaries surveyed. Instead, it
appears that toxic conditions are usually
restricted to small regions, particularly
inner maritime harbors, industrial bayous,
and waterways with the highest chemical
concentrations. This toxicity was most
widespread in Newark Bay (85% of the
area), San Diego Bay (69%), the Long
Island Sound bays (50%), and the Hudson-
Raritan estuary (38%).

Technologies and Controls
Clearing harbors of contaminated sediment
is very site-specific work. Jack Word, director

of the Battelle Marine Sciences Laboratory in
Sequim, Washington, says, "You must deter-
mine what contaminants are present, the
potential toxicology, and whether uncon-
fined disposal is possible." Evaluations are
needed for three types of dredging: mainte-
nance every 1-3 years, cleanup dredging to
remove contaminated material for human
health or environmental purposes, or deepen-
ing projects intended to expand the capabili-
ty of a harbor to accommodate the deeper
and wider draft ships that may no longer pass
through the Panama Canal, but rather must
sail around South America.

Word says that the procedures for
analyzing contaminants are a direct result
of the London Convention. "We won't
dump any chemicals that are persistent or
greater than trace quantities," he says,
adding that there are many compounding
factors when evaluating sediment. For
example, salinity can cause toxicity but is
not persistent. Ammonia is produced natu-
rally by biological processes in marine envi-
ronments and degrades into nitrites and
nitrides in upper sediments. When chan-

nels are dug to a new depth, most of the
exposed sediment is not contaminated by
human activity, but it may still have prob-
lems with toxicities that are not human-
related. Dredging operations also must pay
attention to the potential for creating toxi-
city by suspending particulate materials
when the sediment is removed or dumped.

"Since the early 1970s, when environ-
mental regulations took effect in Seattle,
core samples showed a definite decrease in
some of the chemicals being controlled,
such as lead from gasoline," Word notes.
"We've also seen a decrease in arsenic, cop-
per, and silver. Off Palos Verdes
[California], there's been a great decline in
DDT from the sewage system." He con-
firms that it is much easier to track indus-
trial pollution patterns, but that nonpoint
sources such as agriculture are a large com-
ponent of the total contamination in sedi-
ments and are difficult to locate.

Once harbor sediment has been char-
acterized, it faces two paths: if it is clean or
only slightly contaminated, it can be dis-
posed of in unconfined areas or put to ben-
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eficial use; otherwise, it must be disposed
of in a controlled fashion, perhaps includ-
ing treatment. Depending on the composi-
tion and grain size distribution of the
dredged material, clean sediment might be
used beneficially for construction or as
agricultural soil. Coarse materials are gen-
erally suitable for creating or improving
land. Eroded beaches can be rebuilt or pro-
tected by offshore berms. And contaminat-
ed material can be capped with a layer of
clean sediment to isolate it from the envi-
ronment. Most clean sediment is still
dumped close to shore in state-permitted
areas.

Disposal can include either water or
land options and can be either dispersive or
confined. The effects of open water disposal
are predominately physical in nature,
including turbidity and smothering of living
organisms. Many ocean disposal sites off the
U.S. coast have been closed in recent years,
including the well-known Mud Dump Site
just outside the entrance to the Port ofNew
York/New Jersey. In confined aquatic dis-
posal, contaminated sediment is buried in a
natural or man-made depression and then
covered with clean sediment.

Land disposal can be desirable, but
attempts to place slightly contaminated
sediments in landfills have sparked consid-
erable public opposition and are a major
factor in forcing an evaluation of treatment
technologies as an alternative to simple
burial in pits. One land disposal option
that has attracted attention is a pilot pro-
ject getting underway in Pennsylvania to
reclaim abandoned coal mines using conta-
minated sediment taken from the
Delaware and Hudson rivers, and from the
New York harbor. The sediment is mixed
with incinerator ash and lime to create a
grout-like cement that is spread on the
mined land to act as a buffer against acidic
drainage that has been degrading the state's
streams and rivers.

As for potential treatment technologies,
they are an expensive addition to the base-
line costs of dredging and relocating sedi-
ment. Often, depending on such factors as
type of contaminant, initial concentrations
of dredged material, whether a beneficial
reuse for post-treatment material exists, and
the level of treatment required, the more
effective the technology, the more expensive
it is. The average cost of current treatment
technologies averages over $100 per cubic
yard, compared to $20 for removing and
transporting sediments and $5 for conven-
tional navigational dredging, which does not
require special disposal procedures. Costs
may also vary depending on whether dispos-
al will be in the ocean or upland. For exam-
ple, according to Eric Stern, regional conta-

minated sediment program manager for the
EPA's Region 2 in New York, unrestricted
disposal at the former Mud Dump Site aver-
aged $6-8 per cubic yard. Capping a large
dredging project (300,000-500,000 yards)
with clean material in the ocean has run as
high as $40 per cubic yard. Now that the
Mud Dump Site has been redesignated an
Historical Areas Remediation Site, upland
disposal costs average around $45 per cubic
yard. Furthermore, says Stern, these costs
put smaller operators at peril since they often
cannot afford to pay them. In addition, the
technologies are difficult to implement,
equipment-intensive, complex, and poten-
tially hazardous-and may offer only part of
the solution. Currendy, work is being con-
ducted by the EPA, the USACE, and
Brookhaven National Laboratory in New
York under the WRDAs of 1992 and 1996
to demonstrate the feasibility of decontami-
nating dredged material from
New York/New Jersey harbor
in an environmentally sound
and cost-effective manner. The
1996 mandate requires the fed- Chemical n
eral agencies to demonstrate Acenaphth
decontamination of up to Benzene
500,000 cubic yards of port 8-Benzene
sediments. The project team y-Benzenel
has developed public-private Biphenyl
partnerships to encourage pri- 4-Bromoph
vate industry to develop and Chlorobenz
commercialize a long-term, sus- Diazinon
tainable, profit-making enter- DibenzofurE
prise in decontaminating sedi- 1,2-Dichlorn
ments with a beneficial reuse. 1U3-Dichlorc
Says Stern, "Decontamination D'-DichlornSaysStern, ~~~~Di-n-butyl p
is not the answer for everything, Dieldrin
but [is] an integral component Diethyl phth
of an overall dredged material Endosulfan
disposal management plan. The a-Endosulf
technology development firms f-Endosulfi
realize that their treatment costs Ethylbenzeri
need to decrease to be competi- Fluoranther
tive with other alternatives." Fluorene

The Great Lakes have Hexachloro
been a test bed for contami- Malathion
nated sediment management Methoxychl
for over 20 years because a Naphthaler
large proportion of the materi- Phenanthre
al dredged from the lakes is 1,1,2,2-Tetr;
contaminated and open-water Tetrachloro
disposal has been impossible Tetrachloro
since the early 1970s. The Toluene
results of an EPA program on Toxaphene
assessing and remediating con- 1T24-Trichb
taminated sediments formed 1,1,1-Trichil
the backbone of the technolo- Trichloroeti
gies considered in the NRC's m-Xylene
1997 report on contaminated 8pg/gc, microg
sediments. One challenge for Adapted from: l
these technologies is that they waters of the U
were developed to manage 006. Washingtc

contaminated sediments from freshwater
environments. The high salt concentration
in marine and estuarine waters can have a
strong and complicating effect, particularly
for bioremediation, on the chemical and
biological processes and equipment used in
the technologies.

In its report, the NRC identified
interim control measures that might be
necessary, given that cleanup projects are
usually slow to be implemented and time-
consuming. While plans are being drawn
up and permits obtained, currents and
changing conditions can redistribute sedi-
ments or exacerbate problems. In situ man-
agement includes natural recovery process-
es, in-place contaminant isolation by cap-
ping, and active treatment through ther-
mal, chemical, or biological processes. The
NRC also looked at removing and trans-
porting sediment by hydraulic and
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mechanical dredges, pipelines, and barges.
Finally, a dozen ex situ technologies for
treatment and containment were examined
(see "Big Apple Blight" below).

Questions
Innovative technologies and solutions to
contaminated sediment are applauded by
environmental groups that have long com-
plained that the USACE is too anxious to
dredge without considering the impact,
and the EPA is too tardy in inventorying
contaminated sediments, establishing sedi-
ment cleanup criteria, and controlling the
sources of contamination. Only when it
affected the economics of shipping did
contaminated sediments get serious atten-
tion, according to Cynthia Zipf, executive
director of Clean Ocean Action, an advo-
cacy group based in Sandy Hook, New
Jersey. In addressing the problem, she
compares contaminated sediments to a dis-
ease: "The one thing you don't want to do

is take it to where it can spread [as with
open ocean disposal]. You can confine it in
a subaqueous pit. You can treat it by solidi-
fication or decontamination and use it for
remediation material. Or you can cure it
by preventing pollution in the first place."

John Tiedemann, chief scientist at
Clean Ocean Action, elaborates, "There is
no comprehensive list to screen or test the
sediment so evaluations must look at toxic-
ity and contamination uptake in the form
of bioassays or bioaccumulation. Cleanup
is still a somewhat subjective analysis
because there are no numerical criteria to
tell you how much you have to dredge and
when a site has been remediated."

At the Midwest office of the Sierra
Club, based in Madison, Wisconsin, policy
specialist Emily Green notes, "It's an issue of
cost and a lack of an overreaching frame-
work. Now we're seeing sites being deaned
up to different standards, some based on
technical feasibility, some on cost, and some

on human health
considerations. We
need more research
to draw the link
between contamina-
tion in fish and the
impact on human

health. How much does contamination
bioaccumulate?"

Green says that the recently issued
EPA sediment quality advisory levels
(SQALs) are a step in the right direction,
but adds that ultimately they will underesti-
mate the impact on human health and
wildlife because they only address benthic
animals. "There may not be a single num-
ber [reflecting bioaccumulation], but we
need more research and guidance," she says.

Standard Bearers
The EPA agrees on the need for scientific cri-
teria and the SQALs are progress toward this
goal, although considerable work remains.
Elizabeth Southerland, acting director of the
EPA's standard and applied science division,
says, "The Clean Water Act tells the EPA to
put out criteria guidance so that states can
adopt enforceable water quality standards
that identify what levels of contamination are
protective of aquatic life and human health.
In the 1980s, we came up with criteria for
chemical concentrations in the water. In the
1990s, we're trying to come up with chemi-
cal concentrations in sediments for both
aquatic life protection and human health."
The USACE generally opposes specific crite-
ria out of concern that they will be used as

The Port of New York/New Jersey contains the country's most
complex and contaminated sediment environment. The sediment
contains a mixture of contaminants including dioxins and furans,
polycyclic aromatic hydrocarbons and polychlorinated biphenyls,
pesticides such as DDT and DDE, high concentrations of metals
from multiple sources, and pollution from the many Superfund
sites that fall within the port's aquatic boundaries. With dredging
options becoming increasingly limited, international trade is taking
advantage of other ports that can accept deeper-draft ships. A
decline in shipping will have a great economic impact; trade
through the harbor generates an estimated $20 billion per year in
economic activity and is responsible for over 180,000 jobs. An esti-
mated 4 million cubic meters of sediment are dredged each year
from navigation channels and public and private berthing areas.

As the result of restrictions on dredged material that could be
dumped in the' ocean, along with citizen protest, the traditional
disposal site off the New Jersey coast (known as the Mud Dump
Site) was closed to the most contaminated levels of sediment in
September 1997. Clean sediment will be used to cap and remedi-
ate the site, now designated an Historical Areas Remediation Site.
As one component of the Dredged Material Management Plan for
the Port of New York and New Jersey, a public-private partner-
ship was formed of government agencies, community groups, uni-
versities, and industry to develop decontamination alternatives.

"The intent is to use the technologies on dredged material and
contaminated sediment from within and outside federal navigation
channels that may lend itself to 'hot spot' remediation," says Eric
Stern, the regional contaminated sediment program manager for
the EPA's Region 2 in New York. "It's a public-private partner-
ship because the congressional authorization was not enough to
fulfill the mandate of demonstrating up to 500,000 cubic yards of
New York/New Jersey dredged material on a yearly basis. The fed-
eral government is seeding the development of technology by tak-
ing the vendors through the bench, pilot, and full-scale commer-
cial testing. To date, $11.5 million has been appropriated to this
project." Actually building a decontamination facility is expected
to cost $15-30 million for a facility that can process up to 500,000
cubic yards of material annually.

Stern explains that the decontamination technologies were
developed for soils first, and that sediments require a different level
of treatabiity because of moisture content, total organic content,
salinity, and the presence of silts and days. The matrix of contami-
nants differs from land-based contamination where usually one
type of contaminant is found in a location. As a result, a treatment
train approach is needed that can handle a range of multiple organ-
ics and metal contaminants.

Initially, twelve technologies were bench-tested. The variety of
contaminants and differing concentration levels made it fitting to
look for different technologies that can be applied at specific con-
centration levels. Some technologies work at ambient or low tem-
perature, others work at intermediate temperatures but do not
destroy the sediments' organic constituents. High-temperature
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strict pass-fail numbers, providing no lati-
tude for dredged material disposal.

Southerland explains that the EPA
approach has been to identify the element
that binds contaminants to sediment and
apply a theory known as equilibrium parti-
tioning. In 1990, total organic content
(TOC) was identified as the binding agent
for nonionic organic chemicals such as
PAHs and pesticides. The EPA then pro-
posed related contaminated sediment crite-
ria based on TOC. The use of these sedi-
ment criteria would require that site-specif-
ic TOC be measured and then the allow-
able chemical load for that site-specific sed-
iment could be calculated. It's an approach
based on chemical theory that differs from
the empirical approach taken by the
NOAA when it decided it would be sim-
pler to, by monitoring, establish a correla-
tion between contamination levels and the
health of aquatic organisms.

Southerland is pleased that
Superfund remediation is now conduct-
ed using SQALs as cleanup goals.
However, the SQALs are not cleanup
standards and may not be achieved by
remediation projects due to cost or other
factors. She says the EPA will next pro-
pose SQALs for metal mixtures and PAH

mixtures. It turns out that PAHs almost
always occur in groups and synergistic
effects make them more toxic than if
they occurred alone. The EPA does not
have a schedule for determining SQALs
for human health protection, but the
EPA does plan to propose that water col-
umn human health criteria be based on
bioaccumulation factors that incorporate
pollutant contributions from sediment.

"Harbors are at the end of waterways
and become contamination sinks,"
Southerland says. "Port authorities
should work with their state water quali-
ty agencies to focus on upstream cleanup
and pollution control." She believes that
SQALs are important because they will
allow upstream sources to be identified.

Upstream controls are also a recom-
mendation of the NRC report. In addi-
tion, it recommends developing sophis-
ticated cost and risk analysis techniques
for managing existing contaminants, and
more research and development funding
for monitoring technologies to pinpoint
underwater contamination. By expand-
ing the CWA's total maximum daily
load program, individual states and the
EPA could set limits on pollution
sources based on total pollution levels in
a water body. Legal and enforcement
tools such as Superfund could be used to
get upstream polluters to help pay for
contaminated sediment management. In
the end, cooperation among interest
groups will be the only path to cleaning
the harbors.

W. Conard Holton

Adapted from: Stern EA, Donato KR, Clesceri NL, Jones KW.
Integrated sediment decontamination for the New York/New Jersey
harbor. Presented at the U.S. Environmental Protection Agency
National Conference on Management and Treatment of
Contaminated Sediments, 13-14 May 1997, Cincinnati, OH.

technologies are most applicable to the most six have undergone pilot tests and Stern is
contaminated sediments, but may be the least acceptable to the planning a demonstration of up to three of these that will lead to
public and the most difficult to permit. Of the twelve technologies, the commercialization phase by 1999:

* A thermochemical process that uses a rotary kiln (Institute of Gas Technology, Des Plaines, Iowa)-The end product is
a pozzolanic material that can be mixed with portland cement to make a marketable blended-cement product for use in
the concrete and construction industries.

tA solvent-extraction process followed by solidification/stabilization using portland cement as the binding agent (Metcalf
& Eddy, Inc., Wakefield, Massachusetts)-Potential uses include construction fill, landfill cover, mine reclamation,
and capping brownfields and Superfund sites.

* Stand-alone solidification/stabilization using portland cement (Metcalf & Eddy, Inc., Wakefield, Massachusetts)-
Potential uses include construction fill, landfill cover, mine reclamation, and capping brownfields and Superfund sites.

*A thermal vitrification process using a plasma melter (Westinghouse Science and Technology Center, Pittsburgh,
Pennsylvania)-The end product is a glass-like material that could be used as construction aggregate or roadfill materi-
al, or could undergo further processing to make glass-fiber or glass-tile products, which have higher market value.

4 Manufactured soil production followed by phytoremediation (U.S. Army Engineer Waterways Experiment Station,
Vicksburg, Mississippi)-The potential beneficial use is to serve as a topsoil layer to support vegetative cover for landfill
closure, mine reclamation, and capping brownfields and Superfund sites.

*A sediment washing process using biodegradable surfactants, chelating agents, and oxidation to treat metals and organics
(BioGenesis Enterprises, Inc., Springfield, Virginia)-The treated material, which has the consistency and look of sedi-
ment, can be used to make a manufactured soil product to be used in agriculture, horticulture, forestry, parks and recre-
ation areas, and habitat creation.

"It is often thought that decontamination technologies will be
too expensive and will not be ready for active use in the near term,"
says Stern. "The results of the [Water Resource Development Act]
project do not support these conclusions. From a cost standpoint,
it seems possible to do decontamination at a total cost that will be

equal to and possibly less than the current disposal alternatives.
Decontamination approaches have the very positive attributes of
returning a product that is environmentally benign and that has a
variety of end uses."
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